Neuronal intranuclear inclusion disease (NIID) is an uncommon progressive neurodegenerative disorder. Adult-onset NIID can result in prominent dementia. We herein describe the case of a 74-year-old man who presented with dementia, cerebellar ataxia, neuropathy, and autonomic dysfunction. Diffusion-weighted imaging showed hyperintensity of the corticomedullary junction. Fluid-attenuated inversion recovery images showed frontal-dominant white matter hyperintensity. NIID was diagnosed from the presence of intranuclear inclusions in a skin biopsy sample. Neuropsychological testing revealed memory loss and frontal cognitive dysfunction, especially in relation to language and executive functions. We were therefore able to confirm the association of NIID with cognitive dysfunction.
Introduction
Neuronal intranuclear inclusion disease (NIID) is an uncommon progressive neurodegenerative disorder characterized by eosinophilic hyaline intranuclear inclusions in nearly all types of central, peripheral, and autonomic neurons (1) . NIID is clinically heterogeneous and may cause symptoms such as cerebellar ataxia, dementia, pyramidal and extrapyramidal signs, generalized convulsion, isolated resting tremor, and autonomic dysfunction (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . We previously showed that the detection of intranuclear inclusions in dermal cells was a reliable diagnostic test for NIID (16) . In addition, we identified a characteristic finding of a high signal intensity in the corticomedullary junction on diffusionweighted imaging (DWI) in NIID patients with leukoencephalopathy diagnosed by a skin biopsy (18) .
The signs of dementia have been previously described in adult-onset NIID patients (3, 6, 9, 12, 18) . However, objective the neuropsychological assessments of such signs have so far been limited because, until the recent advent of a diagnosis by a skin biopsy (16) , the clinical signs and symptoms of dementia in these patients had been retrospectively investigated only after a diagnosis by an autopsy. We herein report the case of a patient with adult-onset NIID who was diagnosed with progressive memory loss and frontal cognitive dysfunction. prostatic hyperplasia, with no family history of dementia. His cranial nerve functions were intact except for bilateral miosis of less than 2.0 mm (1.7 on the right and 1.9 mm on the left) and dysarthria. Manual muscle testing was normal, although hyporeflexia and hypopallesthesia in the upper and lower limbs were observed. The patient had a wide-based gait, predominantly left-sided limb ataxia, and bilateral dysdiadochokinesia. He was using clean intermittent catheterization because he could not urinate, although he was able to spontaneously urinate with silodosin treatment (4 mg, once daily). Laboratory examinations revealed normal levels of thiamine, vitamin B12, thyroid hormone, and prostate-specific ]metaiodobenzylguanidine myocardial scintigraphy was normal according to the criteria at our center, with an early heart-to-mediastinum (H/M) ratio of 3.38 and a delayed H/M ratio of 4.41. Initially, electronic uroflowmetry showed a large post-void residual urine volume (PVR= 250 mL; normal range 50 to 100 mL). When the patient was able to urinate after taking 4 mg silodosin, uroflowmetry showed reductions in the maximum urinary flow rate (Qmax= 3.3 mL/s; normal rate <10 mL/s) and voided volume (VV= 62.3 mL), as well as an improvement in the PVR (40 mL). These results were suggestive of a bladder outlet obstruction due to neurogenic bladder dysfunction. Orthostatic hypotension was seen in the head-up tilt test, with a decrement of 43 mmHg in systolic blood pressure. During this test, the level of plasma noradrenaline rose from 0.229 to 0.542 ng/ mL. The coefficient of variation of the R-R interval on electrocardiograms was normal (2.31%). During phase IV of the Valsalva maneuver, the systolic blood pressure did not increase, despite a normal heart rate response, perhaps due to the dysfunction of the efferent sympathetic system. A skin biopsy performed on the right leg demonstrated ubiquitinpositive intranuclear inclusions among adipocytes, fibroblasts, and sweat gland cells (Figure D to F) . The patient did not carry the fragile X mental retardation1 premutation.
Neuropsychological testing of the patient revealed memory loss, visuospatial dysfunction, and frontal cognitive dysfunction, especially in language and executive functions. 
Discussion
NIID is clinically heterogeneous. A previous report proposed three clinical subgroups of NIID: infantile, juvenile, and adult-onset forms (12) . A meaningful neuropsychological examination is difficult in infantile and juvenile NIID due to the short clinical course. Adult-onset NIID is characterized by memory loss; cognitive dysfunction and disorientation with or without extrapyramidal signs; cerebellar ataxia; involuntary movements; and autonomic dysfunction (12, 15) . We previously reported that a skin biopsy was useful for the diagnosis of NIID (16) . In NIID skin biopsy samples, intranuclear inclusions have been observed in adipocytes, fibroblasts, and sweat gland cells, without structural abnormalities (16) . Head MRI is also useful for the diagnosis of NIID. The finding of a high signal intensity in the corticomedullary junction on DWI is characteristic of NIID ( Figure B) (18) .
The present patient presented with symptoms of dementia; left-sided cerebellar ataxia; hyporeflexia and hypopallesthesia. He also had autonomic dysfunctions involving miosis, neurogenic bladder, and orthostatic hypotension. FLAIR images showed leukoencephalopathy ( Figure A) , and DWI showed hyperintensity of the corticomedullary junction (Figure B) . Subsequently, we diagnosed our patient as having adult-onset NIID by a skin biopsy combined with these MRI findings ( Figure A, B, D, F) (16) . Although adult-onset NIID patients reportedly show signs and symptoms of dementia, sufficient objective neuropsychological assessments have not been performed in these studies (3, 6, 9, 12, 18) . In our patient, whose condition was diagnosed from a skin biopsy, we were able to assess a higher brain function. Neuropsychological testing revealed memory loss, visuospatial dysfunction, and frontal cognitive dysfunction, especially in language and executive functions. The ACE-R is a brief battery of tests for six cognitive domains (orientation, attention, memory, verbal fluency, language, and visuospatial ability) and, similar to the MMSE, is useful for detecting dementia (19) . Remote memory and disorientation were impaired equally on the MMSE and ACE-R, although the performance of the MMSE was inconsistent with that of the ACE-R in terms of recent memory indicators (e.g., delayed recall). This might have been due to the patient's difficulty in concentrating. Verbal fluency was markedly impaired on the ACE-R and FAB. This result is similar to that of a previous study, in which the verbal output in patients with adult-onset NIID was characterized by impaired word finding, verbal paraphasias, and perseveration (6) . The visuospatial function, as assessed by the MMSE and ACE-R, was also impaired in our patient-a finding not described in previous case reports (3, 6, 9, 18) . The patient's performance on the FAB and Stroop tests clearly demonstrated frontal executive dysfunction. Abnormal behaviors described in previous reports, such as repetitive outbursts of violence (6), wandering aimlessly (9), and absentmindedly standing naked (18), were not observed in our patient. Previous studies have reported that intranuclear inclusion bodies were found frequently in glial cells and were abundantly present in the association cortices of the frontal lobe (6, 9, 12) ; these features may be associated with frontal cognitive dysfunction. In our patient, the frontal-dominant white matter lesions observed on MRI and the frontoparietal hypoperfusion observed on SPECT of the head (Figure A, C) were consistent with the results of frontal cognitive dysfunction.
Generally, adult-onset genetic leukoencephalopathy is best known as cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) (20) . CADASIL is a good model for subcortical ischemic strokes and pure vascular dementia (21) . As in our NIID patient, executive dysfunction and deficits in attention or concentration, visuospatial skills, language, and verbal or visual memory have been described as common manifestations of CADASIL and vascular dementia (20) (21) (22) . Although reports on the pathology of NIID have shown no atheroscle-rotic disease (6, 9) , these similarities suggest that adult-onset NIID might have a pathological mechanism similar to that of leukoencephalopathy.
The mechanisms of nuclear inclusion formation in NIID are unknown (7, 15) . As in NIID, nuclear inclusions have been described in polyglutamine (polyQ) diseases, including Huntington's disease, dentatorubropallidoluysian atrophy (DRPLA), spinobulbar muscular atrophy, and spinocerebellar ataxias 1, 2, 3, 6, 7, and 17 (15, 23) . PolyQ diseases share a pathogenetic mechanism, namely the expansion of a translated CAG repeat (15) , whereas the pathogenetic mechanism in NIID is uncertain. Pathologically, the localization of inclusions differs between NIID and polyQ diseases; in NIID there are neuronal and glial intranuclear inclusions, whereas in polyQ diseases there are neuronal and glial inclusions as well as both intranuclear and cytoplasmic inclusions (1-15, 23, 24) . The intranuclear inclusions in NIID are distributed in the neurons of the brain, spinal cord, dorsal root, sympathetic ganglia, and peripheral nerves (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 15) . In contrast, polyQ diseases show neuronal degeneration with nuclear inclusions specifically in the brainstem and cerebellar efferent pathways, consistent with the clinical features (15) . Clinically, depending on the age of onset and the clinical phenotype, the differential diagnoses in polyQ diseases can include DRPLA (24) , whereas signs of ataxia in DRPLA are more dominant than those in NIID (24), NIID exhibits multi-systemic degeneration involving the central, peripheral, and autonomic nervous systems (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 15) . In terms of higher brain dysfunction, the frontal lobe dysfunction in our NIID patient may be similar to those of vascular dementia rather than the recent and episodic memory loss characterized in Alzheimer's disease, the most common form of dementia (25) .
The presence of a high signal intensity at the corticomedullary junction on DWI with leukoencephalopathy would then strongly suggest that a skin biopsy is required. Our case suggests that adult-onset NIID patients may show an impaired language and executive function. However, a greater accumulation of cases is needed to verify the cognitive dysfunction in NIID patients.
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